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Summary Considerable attention has been paid to individuals showing social maladjustment as
well as withdrawal from social situations and activity, a state referred to as ‘‘Hikikomori’’ in
Japanese. Recently, social maladjustment and Hikikomori states have also been noted to be
highly prevalent among individuals with pervasive developmental disorders (PDDs), which involve
abnormalities in social interactions and communication. The individuals with PDDs report a
tendency to sleep and wake at irregular or inappropriate times and to suffer from sleep disorders
by nature, and they tend to sleep at extreme late night or during the day while experiencing social
maladjustment and Hikikomori states. Therefore, it is probable that their oral hygiene might
deteriorate due to a circadian rhythm disorder, such as an abnormal salivary secretion rhythm or
refusals and noncooperation of dental care due to mood/emotional and social problems,
underlying and caused by their sleep and wake patterns. In this review, we describe the
importance of regular lifestyle, especially regular sleep—wake rhythm with appropriately timed
bright light exposure during daytime, for management of oral health in PDDs via improving their
circadian rhythm disorders.
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It is widely known that most of oral diseases are chronic
process and are closely related to individual manner, so that
people occasionally call them ‘‘life-style related diseases’’.
All of us modern people live in a ‘‘24/7’’ society and we sleep
at night and wake during the day under the influence of social
schedules. However, even if we do not have a schedule or
need to wake at a set time, our sleep and wake episodes
spontaneously appear at habitual bed- and wake-up times.
Daily rhythms in physiological functions are observed in body
temperature, hormone secretions, cardiovascular regula-
tions and so on, including oral functions. The Saliva flow
rate and concentrations of salivary contents are subject to
marked variation based on circadian manner (Fig. 1A) [1] thatFigure 1 The circadian rhythm in a salivary flow rate and ‘‘clock’’ 
Circadian variations are plotted in unstimulated salivary flow rate (co
23:00 to 7:00 [1]. (B) Representative records of bioluminescence show
mPer2::Luc knockin mice in vitro (Uchida et al. unpublished data). De
of a mouse submandibular gland is shown in square. The continuatio
presence of an intrinsic circadian clock in each tissue.may affect on the dental caries risks by means of buffering pH
fluctuation and keeping tooth remineralization equilibrium.
Human dentin has well defined growth lines with a period of
about 24-h, suggesting a circadian variation in odontoblast
function such as the synthesis and secretion of dentin matrix
[2]. The hypothalamic suprachiasmatic nuclei (SCN) are our
principal circadian clock, coordinating general daily cycles of
physiology and behavior. In the last decade, it has been
suggested that several physiological variations such as bone
remodeling, hypothalamus—pituitary hormone regulations,
metabolic status in the liver and so on might be attributable
to circadian clock functions in each organs on cellular and
molecular level (Fig. 1B) [3,4]. When those tissue-specific
local clocks are in disorganized each other and/or dissociated
from the central clock SCN, it would not only have a majorprotein PERIOD2 (PER2) expression in cultured salivary gland. (A)
ntinuous line) and the idealized effect of sleep (dashed line) from
ing circadian profiles of mPER2 expression in a salivary gland from
tailed experimental procedure is in [73]. The microscopic image
n of circadian rhythm in the cultured salivary gland suggests the
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mental and the other psychiatric disorders [5]. That is always
the case in oral disease. Regular life-styles with orchestrated
physiological circadian rhythms lead to prevent common
disease, vice versa by strengthening circadian rhythm it
would assist to establish the suitable life-style for indivi-
duals. In this review, we will present circadian control of
sleep and wakefulness as well as suitable environmental
settings for recovery of circadian rhythm sleep disorders,
particularly in individuals with pervasive developmental dis-
orders.
From children to adults withdrawing from
social situations and activity
Recently in Japan, considerable attention has been paid to
individuals showing social maladjustment as well as with-
drawal from social situations and activity (Hikikomori). The
phenomenon of Hikikomori is defined as ‘‘a state of social
withdrawal for more than 6 months, not going to work or
school, except for occasionally going out, but not commu-
nicating with people besides family members’’ [6]. Koyama
et al. (2010) conducted a survey from 2002 to 2006 to clarify
the lifetime prevalence of Hikikomori and psychiatric comor-
bidities of Hikikomori among a community population aged
20—49 years old (n = 1660). They found that 1.2% of the
community population had ever experienced the state of
Hikikomori, 54.4% of Hikikomori cases had ever experienced
at least one psychiatric disorder, and the onset of the psy-
chiatric disorder preceded the state of Hikikomori in 35% of
cases. They also reported that 0.5% of the community popu-
lation had at least one child currently experiencing Hikiko-
mori. These results indicate that approximately 232,000
people are currently suffering from the Hikikomori state in
Japan [6].
Although the survey did not investigate the prevalence of
pervasive developmental disorders (PDDs) including autistic
and Asperger disorders as well as pervasive developmental
disorders not otherwise specified (PDD-NOS), recent clinical
fields have noted that many individuals with PDDs and psy-
chiatric comorbidities such as mood, anxiety, and sleep
disorders were included among Hikikomori cases. As PDDs
are widespread abnormalities of social interactions and com-
munication, as well as severely restricted interests and highly
repetitive behavior (DSM-IV-TR) [7], individuals with PDDs,
and especially those with high-functioning PDDs, face many
problems in their daily lives if they do not receive support and
understanding. Additionally, individuals with severe social
maladjustment tend to withdraw from social situations and
activity. According to self-reports, they tend to sleep and
wake at irregular or inappropriate times and to suffer from
sleep disorders by nature (see ‘Circadian rhythm sleep dis-
order in individuals with PDDs’), and they tend to sleep at
extreme late night or during the day, as previously reported
in school refusal children and adolescents [8], while experi-
encing social maladjustment and Hikikomori states.
Kuppermann et al. (1995) conducted a survey of the
daytime consequences and correlates of sleep problems
and found them to be associated with mental health pro-
blems; physical problems such as headaches, neck, back, or
muscle pain and gastrointestinal problems; and lower qualityof life such as poorer self-rated health, less energy, worse
cognitive functioning and lower job performance [9]. Several
studies have also reported that irregular sleep—wake
rhythms were associated with deactivated daytime functions
and poor emotional states [10—12]. Lower levels of domi-
nance, sociability, self-acceptance, self-control, achieve-
ment via conformance, and intellectual efficiency were
also observed in habitual irregular sleepers compared with
regular sleepers [11]. Self mutilation common in PDDs is
increased with emotional problems and oral mutilation
includes multiple ulcerations, gingival irritation lesions and
autoextracted teeth [13]. Therefore, it is probable that sleep
management in PDDs is an important aspect of their oral
health because impairments of emotional control might
trigger not only self mutilation but also refusals of dental
cares, evaluations and treatments.
Regulation of sleep—wake rhythm
In mammals, sleep—wake behavior results from an internal
clock in the suprachiasmatic nucleus of the hypothalamus
that oscillates with a 24-h period and transmits temporal
information throughout the body using hormonal and neural
messages [14]. As a result, diurnal rhythms are expressed in
various psychophysiological functions including sleepiness
[15] and the related physiology, that is, early morning cortisol
and nightly melatonin secretions, and body temperature with
the peak during the day (Fig. 2A) [16]. However if we remain
alone for several weeks in a social and temporal isolation unit
where we cannot access any time information, such as clock,
TV, newspaper, social contacts and ambient light and tem-
perature cycles, the period of our sleep—wake and body
temperature rhythms gradually deviates from 24 h and begins
to oscillate with a period of about 25 h [17,18]. This phenom-
enon reveals that we have an internal clock which endogen-
ous period is slightly longer than the 24-h day and which is
called as a circadian clock. Under these conditions, the
circadian clock is desynchronized from the 24-h day (social
clock); however, the organism remains synchronized intern-
ally, representing a state of external desynchronization
(Fig. 2B). Thus, if we are obliged to follow the social sche-
dule, we are forced to sleep and wake up at various circadian
phases because the circadian rhythms are 1 h delayed every
day. In a result, the colonic problems at bed and wake up
times and daytime sleepiness are occurred because ideal
physiological conditions only appear at 24 day intervals when
our circadian clock is synchronized with our social clock. This
is called as social jet lag, and during the time, mental balance
and psychological wellbeing also deteriorate [19].
If we are not under the influence of any social schedule,
severe problems do not occur except under the following
conditions. As the stay in the social and temporal isolation is
lengthened to more than 14 days, our internal synchroniza-
tion is gradually disrupted and our sleep—wake rhythm begins
to oscillate with a period of more than 30 h, while the body
temperature continues to free-run with a period of about
25 h [17]. Under the both of internal and external desyn-
chronizations, the problems are further deteriorated
because we have still difficulty in obtaining ideal psychophy-
siological conditions (Fig. 2C). However, mainly, daily photic
input at 24-h intervals from the eye entrains the circadian
Figure 2 Temporal regulation of human circadian rhythms in
body temperature, endocrines and habitual sleep—wake state.
Abbreviations are core body temperature (CBT) and blood con-
centration of melatonin (Mel), growth hormone (GH), and corti-
sol (Corti). (A) In the normal relation among physiological timings
and social time, people can maintain their sleepiness according
to the bed-time (habitual sleep). (B) In external desynchroniza-
tions, physiological (internal) timings and the social 24-h clock
are dissociated, that cause delayed sleep onset and lengthened
sleepiness in daytimes. (C) Further desynchronizations in inter-
nal clocks make people on the slide, because the temporal
relationships among sleep-related physiology and the habitual
sleep—wake period in organisms are not kept constant.
144 N.N. Takasu et al.clock to the 24-h day [20—22], establishing the internal and
external synchronizations. The direction of light-induced
phase shift depends on when the light pulse is observed,
e.g., a single light pulse in the subjective morning or evening
yields a phase advance or shift delay, respectively [23—25],with the magnitude of the shift positively correlated with
light intensity [26,27]. Needless to say, modern sleep habits,
such as later sleep and wake up times, disturb the regular
light—dark cycle. Thus, the regular sleep—wake rhythm is
critical for producing the regular light—dark cycle and for
adjusting the circadian clock to the 24-h day.
Functional temporal relationships between
heat loss, melatonin, and sleep—wake
rhythms
In addition to adjusting our circadian clock to the external
24-h alternation, the establishment of a functional temporal
relationship between our circadian physiological rhythms is
also important. For example, appropriate temporal interplay
between body temperature, melatonin and sleep propensity
rhythms, and sleep period is necessary for both sleep quality
and quantity (Fig. 2A). Although the body temperature
rhythm results from circadian variation in a difference
between heat production and heat loss, sleepiness was found
to be closely linked with heat loss [28], alternating from a
higher level during the evening to night-time hours to a lower
level during the morning to daytime hours [29]. Greater heat
loss in the late evening was also found to decrease the time
necessary to fall asleep [30]. Under this process, sleep
propensity is initiated in the evening when heat loss, which
causes body temperature decline, is enhanced, and sleepi-
ness reaches its peak level when heat loss and body tem-
perature are also at peak and trough levels, respectively,
shortly before habitual waking time [16].
Furthermore, sleep duration also changes depending on
the phase of the body temperature rhythm. When we go to
bed at the trough of body temperature rhythm (that is, near
the peak of sleepiness), sleep is short, with wake times
occurring with the rising phase of the body temperature
rhythm. In contrast, when we go to bed at or after the peak
of body temperature rhythm (that is, near the peak of
alertness), sleep is extended such that wake times occur
at the next upslope of the body temperature curve [31].
Melatonin, which is a hormone produced and released during
night hours by the pineal gland, is known to have some
circadian regulatory effects including an acute hypothermic
effect via vasodilatation of distal skin regions [32,33], a
hypnogenic effect [34,35], and a phase-shifting effect
[36]. Continuous timed melatonin intake has been confirmed
to improve sleep in people with and without sleep disorders
[37—41] via enhanced heat loss and circadian phase adjust-
ment.
With the circadian clock entrained to the 24-h light—dark
cycle, we spontaneously awaken in the morning just after the
body temperature minimum and the peak of melatonin
rhythm, and we sustain higher alertness during the daytime
with an elevated body temperature and the absence of
melatonin. After that, we spontaneously feel sleepy again
in the evening when body temperature decline and melatonin
release are initiated, and continue to sleep into the morning
hours when body temperature begins to rise and melatonin
release terminates [42]. With the appropriate functional
temporal interplay, we can easily fall asleep at night and
effectively recover from fatigue during the sleep period.
However, modern people tend to spend irregular life styles,
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ends. And bright light exposure during habitual sleep hours
and the absence of bright light exposure at habitual time of
awakening can fail to advance the internal clock, resulting
delayed circadian rhythm [43,44]. Therefore, when we
return to our habitual sleep—wake schedule with a delayed
circadian rhythm, our sleep—wake states, including sleep
initiation, consolidation and duration as well as feeling upon
awakening and daytime alertness, may deteriorate. Bright
light exposure at night has also been shown to suppress
nocturnal melatonin levels [45]. Therefore, a regular
sleep—wake rhythm and light—dark cycle must be main-
tained to ensure both sleep quality and quantity.
Circadian rhythm sleep disorder in
individuals with PDDs
Sleep problems rank as one of the most frequent complaints
among secondary behavioral difficulties in individuals with
PDDs irrespective of age and intellectual functioning, with
prevalence rates ranging from 55% to 85% according to self or
parental reports [46—49]. Normally, sleep and wake episodes
appear during the night and daytime hours, respectively.
However, the sleep—wake rhythm of human infants greatly
differs from this rhythm. Full-term human infants fall asleep
and awaken in 3- to 4-h cycles throughout the day and night
from birth to 2 months of age, thus showing no circadian
rhythm. A free-running pattern of sleep—wake rhythm then
appears from 2 to 4 months of age, reflecting immaturity in
adjusting the circadian clock to the external 24-h day-night
cycle. Finally, a general circadian sleep—wake rhythm in
phase with day and night hours appears at 4 months of age
[50]. Segawa (2006) reported that autistic children showed
abnormalities in the development of circadian sleep—wake
rhythm and that some demonstrated free-running patterns.
More than 70% of autistic children were also reported to
demonstrate a delay in the development of circadian sleep—
wake rhythm by 5 months [51]. Giannotti et al. (2008)
reported that autistic children irrespective of regression or
non-regression (age 2—7 years) showed a higher incidence of
circadian rhythm sleep disorders, such as irregular sleep—
wake and delayed sleep phase types, compared with age-
matched typically developing children [52]. The sleep state
in autistic children aged 2.6—9.6 years was also reported to
worsen during the winter season, such as with later bedtimes
and more fragmented sleep [53]. These results suggest that
instability of the sleep—wake rhythm may occur in early
childhood and persist for many years.
Recently, in addition to subjective sleep evaluations,
objective measurements using an actigraph, an apparatus
that resembles a wristwatch and contains a miniature accel-
eration sensor to detect physical movement, have been
performed over extended periods. Recording over a 24-h
period enables both sleep characteristics and circadian
sleep—wake rhythm to be examined. Hering et al. (1999)
reported that questionnaires revealed 54.5% of autistic chil-
dren aged 3—12 years to have sleep disorders such as earlier
morning awakening time and multiple or early night arousals
compared with age-matched typically developing children,
while actigraphic monitoring showed similar sleep patterns
between autistic and typically developing children with theexception of an earlier morning awakening time [47]. Wiggs
(2004) found that, according to parental reporting, 83% and
67% of children with PDDs aged 5—16 years experienced past
and current sleep problems, respectively, with difficulties
observed in falling asleep, staying asleep, early waking, and
excessive daytime sleepiness. Similar sleep problems such as
abnormally early or late sleep and wake times, longer time to
fall asleep, increased number of awakenings, and lower sleep
efficiency were also observed in an actigraphic study of
children with PDDs compared with age-matched typically
developing children [48]. Souders et al. (2009) demonstrated
that, according to parental reports, 70% of children with PDDs
aged 4—10 years had sleep problems such as longer time
needed to fall asleep, shorter sleep duration, and more
frequent night waking compared with age-matched typically
developing children, and that longer time needed to fall
asleep, longer wake episodes, and increased activity level
during sleep were also observed with actigraphic recordings
[49]. Hare et al. (2006) reported similar actigraphic findings
in adults with Asperger disorder (mean age 30.8 years), who
also demonstrated a longer time required to fall asleep and
lower sleep efficiency compared with neurotypical adults
(mean age 46.89 years) [54]. Allik et al. (2008) also used
actigraphic monitoring to determine that children with
Asperger disorder or high-functioning autism (age 8.5—12.9
years) required more time to fall asleep and had lower sleep
efficiency during school days, but earlier sleep and wake
times during weekends compared to age-matched typically
developing children [55]. Taken together, these results sug-
gest that the characteristics of sleep disturbance seen in
individuals with PDDs may include shortened sleep time with
difficulty initiating sleep, frequent and prolonged arousals,
and early morning awakening (Fig. 3A).
In addition to these findings, Hoshino et al. (1984) inves-
tigated sleep—wake patterns throughout the day using sleep
diaries. The authors observed greater variability in the time
of going to bed, rising from bed, and total hours of sleep in
autistic children (age 3—15 years) compared with age-
matched typically developing children, but no significant
between-group differences in mean times. They further
reported that 65% of autistic children had sleep disorders
such as difficulty falling asleep, poor-quality sleep, and early
arousal [46]. Using actigraphic recording, Hare et al. (2006)
also reported increased variability in the sleep—wake
rhythms of adults with Asperger disorder (mean age 30.8
years). These adults demonstrated greatly fragmented sleep
with higher day-to-day variability in sleep efficiency and
sleep fragmentation scores compared with neurotypical
adults (mean age 46.89 years). Furthermore, the activity
rhythms of adults with Asperger disorder demonstrated lower
inter-day stability and amplitude than those of neurotypical
adults [54].
These studies suggest a possibility that the circadian clock
of individuals with PDDs oscillates less strongly, which may be
linked to insufficient external synchronizers such as an irre-
gular light—dark cycle with insufficient light intensity or less
exercise and social interaction during the daytime. Segawa
et al. (1992) advised autistic children with abnormal sleep—
wake rhythms to remain under heightened environmental
stimulation (bright light environment, exercise, and frequent
talk) during the daytime. Under these environmental situa-
tions, abnormal sleep—wake rhythm was improved, and
Figure 3 Possible relationship between sleep disturbance and
damped rhythms in core body temperature (CBT) and melatonin
secretion (Mel) in pervasive developmental disorders (PDDs). (A)
It is postulated that the decreased amplitude of circadian
rhythms such that of CBTand Mel may occur and cause individuals
with PDDs somewhat unwell through a day. (B) We propose a
possibility of the recovery from sleep disturbance which can be
achieved via the restoration of daily rhythm amplitude when
individuals with PDDs are exposed to daytime bright light. Bright
light treatment may be more effective when the circadian timing
of sleep—wake pattern which is coupled with the light—dark
cycle, is regularized. As a result, the physical, mood/emotional
and social problems due to sleep-related problems may also
improve.
146 N.N. Takasu et al.subsequently other autistic symptoms, such as abnormal
adaptation to novel environments, lack of social relatedness,
insistence on sameness, hyperkinesias, and panic state, were
also ameliorated [56].
Abnormal melatonin rhythm in individuals
with PDDs
The time course of melatonin rhythm development is similar
to that of sleep—wake rhythm [50,57]. A nocturnal melatonin
secretion rhythm appears as full-term human infants develop
from 9 to 12 weeks old; however, its peak time occurs about
3 h later than that seen in adults. Subsequently, the peak
time moves gradually earlier and coincides with that of adultsat 24 weeks of age. Furthermore, the amount of melatonin
excretion also gradually increases toward adult levels over
the course of development, reaching 25% of adult level at 24
weeks of age and 50% of adult level at one year [57].
Serum and urinary melatonin measurements have been
performed in individuals with autistic disorders [58—61].
Ritvo et al. (1993) reported that melatonin was higher in a
daytime urinary sample collected between 10 a.m. and
11 a.m. from individuals with autistic disorders (mean age
18 years) compared with neurotypical individuals (mean age
35 years); however, a overnight urinary sample which was a
first urinary sample 7—8 h after urinating at 10—11 p.m. did
not differ between the two groups [58]. Nir et al. (1995)
demonstrated that circadian serum melatonin rhythm in
individuals with autistic disorders (age 16—30 years) was in
phase with that of age-matched typically developing indivi-
duals. However, smaller amplitude, with lower melatonin
levels at night (12 a.m., 4 a.m.) and higher levels during the
morning (8 a.m., 12 p.m.) was observed in individuals with
autistic disorders [59]. Kulman et al. (2000) observed that
serum melatonin secretion in autistic children (age 5—10
years) compared with age-matched typically developing chil-
dren were lower during the whole 24-h circadian rhythm,
mainly during the dark period of the day [60]. Tordjman et al.
(2004) revealed that nocturnal urinary melatonin excretion
rate from 8 p.m. to 8 a.m. was lower in individuals with
autistic disorders (mean age 11.5 years) than age-matched
typically developing children [61]. These results indicate that
lowered nocturnal melatonin secretion in individuals with
PDDs may persist into the daytime hours (Fig. 3A). Further-
more, nocturnal melatonin secretion could be more greatly
disrupted in individuals with PDDs who prefer not to turn off
the light during the sleep period, which is a common practice
among this group [46,48,62,63].
Melke et al. (2008) reported that the ASMT gene, which
encodes the last enzyme of melatonin synthesis, was deleted
in individuals with PDDs [64]. Nevertheless, the underlying
causes of abnormal circadian melatonin rhythm are still not
fully understood. Generally, the amplitude of circadian
rhythm is damped or disappears when circadian entrainment
is disturbed due to an irregular lifestyle which is coupled with
irregular light—dark cycles [65], and the lowered amplitude
is susceptible to alternation of external time cues [66]. Thus,
individuals with irregular sleep—wake rhythms tend to have
instability in circadian rhythms. Recently, Hare et al. (2006)
reported that individuals with Asperger disorder demon-
strated lower-amplitude activity rhythms as well as irregular
sleep—wake rhythms [54]. Therefore, irregular lifestyle may
be associated with the abnormal melatonin rhythm seen in
individuals with PDDs.
Effective treatments for sleep disorders
Because abnormal melatonin rhythm is observed in indivi-
duals with PDDs, recent studies have investigated melatonin
treatment for their sleep disorders (Table 1). In addition,
several studies have suggested that bright light exposure can
also restore diminished nocturnal melatonin as well as sleep
disorders (Table 2 and Fig. 3B). The melatonin rhythm is
considered to be one of the most reliable markers of the
human circadian pacemaker. As described earlier, decreased
Table 2 Effective bright light treatment for restoration of melatonin secretion as well as sleep disturbance.
Subjects (n) Bright light treatment Reference
Facility Intensity (bright/control) Exposure time Duration Measurement Effectiveness
Healthy subjects with
a mean age of 22 years
(n = 8)
A climatic
chamber
5000 lx/200 lx 11 a.m. to 5 p.m 3 days Serum melatonin Timing of melatonin secretion
advanced, total amount of
melatonin increased.
[70]
Elderly insomniacs
aged 66—82
years (n = 10)
A nursing
home
2500 lx/— 10 a.m. to 12 p.m. and
2 p.m. to 4 p.m.
4 weeks Serum melatonin/
actigraphy
Melatonin
levels restored.
Amelioration of
sleep disturbances.
[71]
Healthy subjects aged
20—29 years (n = 8)
A climatic
chamber
5000 lx/10 lx During waking
periods
7 days Serum melatonin Timing of melatonin
secretion fixed,
the peak level
increased.
[72]
Table 1 Effective melatonin treatment for sleep problems in pervasive developing disorders.
Subjects (n) Problems Melatonin treatment for sleep problem Notes Reference
Dose Intake time Duration Evaluation Effectiveness
A 14-year-old autistic
male with severe
mental retardation
(n = 1)
Non-24-h sleep—wake
rhythm
6 mg 9 p.m. 30 days Sleep diaries
by parents
Ineffective Continuation of
irregular sleep—wake
rhythms
[67]
11 p.m. 88 days Effective after 1st
days treatment
Importance of the
administration timing
Children aged 6—17
years with Asperger
disorder (n = 15)
Sleep initiation or
maintenance
3 mg 30 min
before
bedtime
14 days Actigraphic
measurements
Effective after several
days treatment
Improvement of
emotional and
behavioral problems
[68]
Children aged 5—15
years with PDDs (n = 11)
Sleep initiation or
maintenance
5 mg — 4 weeks Sleep diaries
by parents
Effective Improvement of
behavioral problems
[69]
Children aged 2.6—
9.6 years with autism
(n = 25)
Sleep initiation or
maintenance
3 mg 8 p.m. 6 months Sleep diaries
and questionnaires
All effective at 1, 3 and
6 months assessments
Doses adjusted
according to the
effectiveness
[53]
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148 N.N. Takasu et al.amplitude of melatonin rhythm has been observed in indivi-
duals with PDDs. Additionally, decreased amplitude of core
body temperature rhythm has been observed in individuals with
an irregular lifestyle, which is common in PDDs [65]. These
findings suggest that individuals with PDDs may also demon-
strate lower amplitude of core body temperature rhythm
(Fig. 3A). Similar to the effect of daytime bright light exposure
on nocturnal melatonin level, daytime bright light exposure has
also been shown to increase core body temperature rhythm.
These results suggest that bright light treatment is effective for
ameliorating sleep disorders as well as autistic symptoms in
individuals with PDDs, and that it may improve sleep by inducing
sleepiness as well as resetting irregular sleep—wake rhythms
under continuous and timed administration.
Conclusion
Individuals with PDDs, who are usual with withdrawal from
social situations and activity due to social maladjustment,
tend to sleep and wake irregularly at home, leading to a lack of
sufficient light intensity. Therefore, sleep states in individuals
with PDDs may deteriorate due to insufficient daytime light
intensity and inappropriate light exposure. Taken together,
regular lifestyle with appropriately timed bright light exposure
is recommended as treatment of circadian sleep—wake dis-
orders as well as autistic symptoms in individuals with PDDs,
which may lead to improve oral health and quality of life.
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